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Appendi x A

REPORT FROM CHANTI ERS NAVALS DE LA Cl OTAT
M. Gillard, CNC, France

1. 1 NTRODUCTI ON

The aim of the this report is tO present the C.N C adaptation of the
AUTCﬁgN S¥sten1. Vol untari |y have chosen a practical approach
for the first 3 chapters in order to clarify the encountered user-
probl em and to descri be necessary devel opnents during the inplenen-
tation and use of AUTOKON

Such a system nust sooner or |ater be evaluated on the basis of
avai | abl e resources nobilized by the system and on on the engendered
expenses . The chapter 4 of the report yields in a rather precise

way the nunber of man hours and the nunber of conputer hours__
for a big tanker constructed at C. N C '

It is alnmost certain that this approach, if adopted by the other

shipyards present at this meeting, may lead to very fruitful dis-
- cussi ons.
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2. THE AUTOKON SYSTEM AT C.N.C.

2.1. Available programs
.C.N.C. has used ATOKON in 2 versions :

- from November 1970 to November 1971 : AUTOKON 1

- from November 1971 and up to present date : AUTOKON 7l/Inter-
mediary version.

The ater version contains the following programs:

- FAIR 2 + DRAw 2
" LANSKI + SHELL 2 + TEMPLATE
- TABELL + NYRISS
- PART
3 - NEST 2 + PRODA.

2.2. Implementation phase

The offices concerned by the imlementation and the use of
AUTOKON belong to 2 ‘different departments at C.N.C. :

a) . Désign department.

The drawing office for the lines plan and hydrostatic cal-
culations (B.E.C.) carries out a fairing procedure of the
bod_¥ Elans based upon manually develo%_e hull forms. The
AUTOKON program FAIR 2 is used for this purpose. Two
draftsmen take care of the fairing.

The Hull drawing office (B.E.C.N.) completes the body
plans by :generating longitudinal = curves using” the
LNGIN module of LANSKI. By aid Of SHELL 2, the same of-
fice makes a preliminary shell plate development of
curved plates for the purpose of material specification.
One draftsman is partly occupied by these tasks.

The Scientific Section ensures the maintenance and the de-
velopments of the programs and gives technical assistance
when the users encounter particular _lproblems. Besides,

this section carries_ out the_daily _ AUTOKON computer runs.

b) Production department

- The Numerical Drawing Service is the C.N.C. office most
concerned by AUTOKON activities and it handles the follow-
ing principal jobs:

Definition of the table of longitudinal elements
Shell plate development and templates

Part generation

Nesting.
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2.3. Available resources

a) Conputers

b)

c)

One 1BM 370\ 145 768 K with

- 4 mag. tape stations, type 3420, having | 600 ppi, 9
tracks and 120 K 0\sec.

- 2disks, type 3330,having 800 mllion cctets in line

- operating system : os/vsl.

- One 1BM 1130\8 K which can if necessary be coupled to the
the IBM 370\145 as on-line term nal.

Drawi ng machi nes

C.N.C has at their disposal 2 KONGSBERG draw ng nmachi nes :
a type 1830 in the Production departnent and a type 2637 in
the Desi gn department; the latter Dbei n]g_l used for body
pl ans and conpl eted body plans in scale 1 : 10. Each of the
tables is controlled by a HONEYWELL H 316 conputer.

NC equi pnent

4 Logatomes (AIR LIQU DE) can be optically or nunerically
controlled by :

directors_CC 200 - 2 axis node
....2_KONGSEERG directors CC 300 - 3 axis npde
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3.

DI SCUSSI ON ON THE AVAI LABLE SOFTWARE

3. 1.

3. 2.

Ceneral remarks

This discussion deals mainly with the nodifications carried out
by C.N.C. in order

- to correct detected errors
- to adapt the software to our particular demands
- to inprove the program perfornmances.

Qur basic intention is to have confidence in the SRS devel oped
prograns and only to carry out nodifications if _  Intense use
shows that it is necessary. In other words, nodifications de-
pend entirely on the results of programs. This polic%, howevcr
I nplies a good know edge of the programs, but it had becone ne-
cessary in the beginning when taking into account the follow ng
3 constraints :

- the absence of an SRS nmi ntenance group as well devel oped as
now
- the difficulties of information exchange due to the distance
?specially the delay of urgent decisions needed for sone prob-
ens.

We are aware of the possibility that this policy may not be
agreed upon by other yards or SRS.

The inprovenents have been devel oped taking into account that
system versions such as ALKON exist having a better perfornance
than our present version. By this neans we have tried to
avoi d usel ess expenses in manhour and noney.

Error induced nodifications

When considering the size of the AUTOKON system it becones
evident that these prograns cannot be conpletely free of errors
of different origins. The nunber of detected errors generated
during the programm ng phase of AUTOKON W not been over-
whel mngly large. As they are only of mnor interest, we wll
shortly give a survey of encountered principal problens :

FAIR 2 suffers fromfollowng 4 points

- Insufficient precision of the intersection calculations es-
pecially around the endings

Initial inmpossibility of using nore than 350, extra points (in-
put\output errors in the file of extra points)

- For the transverse franes, wong selection of ending points
on the side

- Inpossible to use the direction curves called BDRD
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DRAY 2 (last SRsversion)

-l npossible to draw the space curves in their 2 plane projec-
tions of fairing.

LANSKT :

Our comments are reclated to the modules PCURV and PRNUT. When
considering PCURV, it was inpossible to draw a network if the
starting point was identical to the final point (see figure NO.1)

+

Start and
end poi nt 5

[

FIGUREZ llo
LANGYT

The longi tudinal curves are reduced to a point in certain pro-
jections, e.g. longitudinal curve on the parallel mddle body
plating parallel, to the x-axis wll be shown in the yz-plane
as a point.

TO avoid  punching of drawing_ tape, the program PCURV tested
Wiether the first and the, 1zst point are the same (tolerance & )
or not. This test has been replaced by a test of the l'ength oEf

the projected curve.

Concerning PRNUT, the angls E and F vary every tine LANSKI
calls this nodul e.
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NEST 2 :

The use of this nodule at C.N.C. raised the followng three
points of criticism

- Poor elimnation of small elements, i.e.. elenents where the
"lav] and |av]l are both inferior to a given fixed tolerance.
The Auxiliary Function Wrd (AFW of the deleted el enent was
assigned to the next elenent.

In the chord fitting subroutine, the AFV of the circular ele-
ments was assigned to all generated chords |leading to errors
If the positions should be edge nmarked.

Due to a wong cal culation of the auxiliary funtions for edge
mar ki ng (we renenber that these functions are based on the nor-

mal direction of the elenment in question for edge marking) the
determnation of the direction was false. This problem was re-
peated in PART.

SHELL 2 in its old version has a wong devel opnent of the plates
crossed by tangency lines in the bottomor at the side. This
probl em has not yet been solved at CN.C. in spite of the in-
formati on furni shed by SRS because of the structure of our
SHELL 2 version.

Nbdifications for obtaining better nethods
The inprovenents consist of either new possibilities introduced
in existent prograns or conpletely new progranms based on the ex-
perience gained during the use of AUTOKON.

3.3.1L.New possibilities within the AUTOKON system

FAI R2:

In its original form the space curves gave as results
the points for all the TFR, W, BTCK intersecting the
space curves concerned. This could be inconvenient, e.g
if the points which are necessary for the determ nation
of the water line endings are obtained fromthe space
curves, then it is sometines not useful to include the
so- obt ai ned point when carrying out fairing of the franes
in the extrenme fore part or after body of the ship (cf.
point Ain{figure No 2)

This difficulty has been solved by introducing in the de-
finition of the space curves the possibility of choosing

the ~ projections, where one wants to conserve the.
-éntersect|on points. This is done by an internediary in--
i cator.
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LANSKI :

A new possibility of def ining |ongitudinal curves in the {z -
pr Oj ection (t ransver se D| ane) has repl aced the standard LANSKI
possibility SLYZ (seq figure No3)

o ~\V

_[ongl;fédl.na/ curves described in y-2 lé_r_?/e:f/:;n.s

FIGURE No 3

Indefining internal closed transverse sections (originally
created for self-supported tanks and double hull) we optain 2
i ntersection-points when cutting-the transverse plane by a

| ongi tudinal vertical plane (seel figure No 4 popints A and B)

| /

382 FIGURE No 4




Irrpli_citl¥1 we have to choose one of these points either
in the bottomor on the top in order to define the

correspondi ng | ongitudinal curve. FEor each frane this
choice is done as a function of a hel gh? appr oxl ma%lon
indicated in the heading of |ongitudinal curve in ques-

tion (data sheets L

The determ nation.of the abcisses in the data sheet for
LNG N was given as
+4-

frame number I A4X,

This apﬁroach was not possible, if 4X was greater than
the nmesh distance value, which forced us to change the
quotation systemfor certain plans. A npdification of
t he program has been carried out allowng us to Ile{1 AX
be arbitrarily chosen. >

- |
4 ax  affer modil? cation

{q0x defor. <y

modlifica{ion

_.{...-.... e e v——— — — ‘Z.

l
l
l
!
!
i

67 A 69

FIGURE No 5

PUNK punches, normally franewise, the table of the | ongi .

tUdinal elenents,  However, the punchjn '
Call be suppressed if it Gf\1a's ho- clit- Ut §9 for a given frame

Ir an asymnetrical transverse frame (asymmetric when
considering the GENACONs) does not have any cut~out§
where the lonzitudinals, causing this asymmetry, inter-
sect the frame, then the frame in question will’be de-
clared symmetric.
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PLTUT :

Now SRS has well. inproved the visualization process in
using drawi ng machi nes. But, before SRS, It was neces-

sary to carry out ourselves a nunber of nodifications,
whi ch as seen below are concentrated on the nodul e
PLTUT :

For the sake of clearness of the plans, the frame spa-
cing in the projections XB, XZ, XY is drawn as marks
of 200 min quth (full scale). Generally, the CNC
plans are scaled 1 : 100, thus giving marks of 2mmin
| engt h.

Choi ce between 3 kinds of dotted Iines.bﬁ aid of the
drawi ng table functions connected wth the H 316 com
puter of the draw ng table.

For all projections, the axis may have different scale
ratios, e.g. 1 : 50 on the x-axis and 1 : 10 on the J-
axis . This possibility is mainly used for draw ng dia-
gonals on the one-tenth draw ng checking the body Pl an
fairing.

Longi tudi nal curves are classed as :

LONG

SEAMg standard LANSK

DECK )

CARL ) (CARLIi ngue = girder
SERR ) C N C standards : (SERRE = stringer

PLDF ) Pl af ond, Double Fond =

[top, doubl e bottom

By aid of the above-nentioned key-words, our original
LANSK1 program may handle either all the curves bel ong-
INng to the same class by giving. one key-word or cer-
tain curves froma class by specifying the key-word
plus the lower and upper nunber of 1ong. curves.

Possi bility of windowing the Ingitudinal curves by

i ndi cating the upper wer frame of the w ndow )
(see [figure nNosbafand[6b ) | In the XB,.XY and XZ

proj ections, one obtains curves going fromX mn to

X max. Qutside this range the longitudinal curves

are not drawn. In the YZ projection %body pl an) the

Program gives, as shown in figure No 6b, not only
ong | curves but also the internediary frames. This

possibility is very useful for the generation of work-
I ng draw ngs.
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WINDOW

ax

FI GURE no 6a

FIGURE Ho 6b

>¥

- Conpression of SSSI elements to avoid punching of non-
fundanental elenents (seg figure No 7)) This leads to
a reduction of numbcr of purehe rds—and tapes .

Apparently these nodifications seen unnecessary when
considering the actual |evel of LANSKI, but it nust be
rcnbered that some of the,n were clone before the newer
SRS nodi ficati ons.

In this paper we have voluntarily left out of consider.2-

tion the schematiztion of the C NC formats for the
conputer outputs.

4

385



Before moctificadion i 7 elements
‘2z 3 Y < .7
— T t 1 1 —_— -
Allee pusett frcabion : 4 element
_.S'fra'né}\f hine f:rorn Fo;nf/« to fsomf’B
—_—

FI GURE NO 7

TABELL :

The C. N .C version of TABELL permts directly filling in
the table of longitudinal elements fromthe LANSKI Data
Base to the AUTOKON Data Ease.

SHELL 2 :

The developed shell: plates having the edges flame-cut are
defined by straight line segments (which czan be seen on
drawings in scale 1 : 10; see|figure No 8).) Curve fitting
is then carried out by BSCIRK

%

» ¥

X

¥

» X
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3.3.2.

NYRISS

The C.N C version permts to fill in the frames from
the new FAIR 2-E tape. The maxi mum nunber of el ements
pFr franme has been increased from 120 to 200 AUTOKON
el enents.

PART :

USing the-tinme clock of the conputer the datum is stated
in the headings of each listing to ease the data card
classification and card corrections. The conputer also
tests the newbuilding number in order to avoid errors in
the card mani pul ation and to ensure that structural

items of one ship are not allocated another ship data
bas%y (The newbui I ding nunber is indicated on the JCL
card) .

Devel opnents and new prograns

a) OSAIS : Version IBM 0S/VS 370/ 145 with 3330 disks
exrsts now for all prograns.

b) FORTRAN : Change in conputer |anguage from FORTRAN G
to extended FORTRAN H wth optim zer, which has de-
creased CPU tinme, e.g. on the new Part Codi ng program
(mﬂtﬁfut structure overlay) a gain of 20% CPU i s ob-
served.

c) SCKERF : is a programfor kerf w dth conpensati on.
The problemis ¢ connected with the AUTOKON descri p-
tion of the parts using the theoretical dinensions.
After flane-cutting the resultant dimensions of the
Barts in question are dimnished along the contour

y I\2 width of the kerf.

The aim of our nodification was to correct the parts
results before flane-cutting so that the di nmensions
after the frane-cutting process correspond better to
the theoretical ones.

The method consists in carrying out partw se the ne-
cessary conpensation. Each part exists then in the
Data Base in 2 different forns :

- as aresult of the part coding
- as a result of the SCKERF program

Evidently this occupies nore file space but it allows
us to sinplify the treatment. of the part geonetrica
elen?nts whi ch shoul d not be conpensated (rapid tra-
verse ) .
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The program has 4 cal cul ati on sequences :
Readi ng phase : partw se taken fromthe Data Base.

Dilation (or inverse) sequence of each part is en-
sured by an intersection supervisor.

Cal culation of a net! contour if certain inter-
sections cannot be determ ned.

Storage on disk of the new di nensions (new part
nunber = old part nunber + 200000) of the expanded

part.

The nesting is of course nmade in using the conpensa-
ted pieces.

SCEQRINT : calculates sinple geonetrical contours.
Wien Tooking at a transverse section of an LPG car-
rier (Seeffigure No 9),| we can detect several cut-
outs on :

the hull side

t he doubl e hul

the external contours of the tanks, and on
the internal contours of the tanks.

The basic idea was to treat by AUTOKON, in the sane
way as the outer contours, all” the internal contours

(classified by level) and parts, i.e. for each |evel

1) to define the transverse sections by AUTOKON el e-
ments (thus obtaining a result equivalent to Fair
2)

2) then use LANSKI to define all the |ongitudina
curves and the table of |ongitudinal elenents.

3) finaily applying in, the Part Coding (using
GENACONS) the previously defined contours with
cut - outs.

The contours are classified as follows going from
the outer contour inwards, e.g.

level O: Hull . ... ... ... N TFR
[evel 1 : Double hull . . . . . . No TFR + 1000
[evel 2 : Tank contour ... .. No TFR + 2000.

The contour determnation has its origin in a sinple

VA une description using a plane concepti ga—wth—ei

ther sharp plane plane-intersections %see fiqure |0a)
or with cyl?ndrical corners (see|figure No 1I0D). Fi-
gure No 11 shows an exanple int | | of .

the tank geonetry of an LPG carrier. These vol unes
have- been defined previously by hand and all informa-
tion concerning this description is contained in sone
of the general geometry pians. FORINT, therefore, is
nore a descriptional than a conceptional algorithm
that we had built up with special care for sinple
handl i ng and fast cal cul ati ons.
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FIGURE Mo 9
Transverse structural. elenments of an LPG tanker
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FI GURE No 10a

FIGURE NO 10b

The input data consists anmong other things of a three

di mensional description of Knuckle lines Iinking plans

t oget her by specifying :

- the coordinates of boundary points on the knuckle
line or sone other elements that allow the program
to calculate the corresponding coordinates.

ifnecessary, the radius of the cylindrical corneus
(see|figure No 10b)|.

The results are presented in 2 different ways :

online printer : Li st of input data.
| nternmedi ary cal cul ati on of
coordi nates having been. im
plicitly defined.
Li st of the curve spacings.
Error nessages.
AUTCKON el ements of the
curves.

- as afilelike FAIR 2

allowng : drawi ng of the curves with the
program DRAW 2 (See fi gures

Nos 12 gnd |3),

transtef ring transverse sec-
tions to the Data Base disk
to use LANSKI .

The longitudinal curves : The FORI NT cal cul ated con-
tour can be closed, 1T the input data has been nanu. -
ally sorted; this has given rise to sone problens
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T6¢e

FIGURE No 11

Tank geometry of an LPG carrier
(see also figures Nos 12 and 13)

knuckle line

-cofferdam



—/
)
ee——

COFEERDAM  TANK 3
TANK 4

FIGURE No 12
Forward tank geonetry - LPGcarrier

3 9 2




TANK 1

FIGURE llo 13
ATt tank gecmetry - Lig carrier
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when using LANSKI for the |ongitudinal curve cal cu-
lation (see chapter 3.3.1) . After the nodification
of LANSKI, this constraint has been renoved.
For internal contour, however, one LANSK run covers
the whole ship (no separate aft or fore body)

A probl em connected to the Part Coding is what to call
2 GENACONS within the sane part description once the
table of longitudinal elenents is fixed. To sd ve
that, we were forced to create a new GENACON ( =
GENACON |1 00) by aid of the AUTOKONJ | anguage.

This GENACON was called only when the description
needed a contcur generation. An exanple is given in

the follow ng.

Exampl e

" Without G=ITACON 100 Wth GENACON 100
YN - , IDN - YNy-, 1 DN-
| .*
CGenerati on of ACON Part Coding

|Generation of 1st ACON
Part Coding with call of ACON part Coding
|

ESSL Generation of 2nd ACON
FIN

ESSI

FI'N

Thejresult of an exanple is shown on the figures

14 and 15.

TEMPLATE

The mai n purpose of such a programat CNC is :

- to calculate in the devel oped region the plane tem
plates for every 3rd frane and if possible to choose
among C.N. C. standard tenpl ates.

- to determne in the non-devel oped region the three
di mensi onal tenpl ates.

Presently the C.N.C. version of’ TEMPLATE treats only

pl ane.tenpl ates for the plates situated in the deval -
oped regions.

The conputed nethod starts wth a determnation of a

reference pl'ane. For each frane, where it is desired

to have a flat tenplate, the program conputes :

- all intersection points IT (see|figure no 16) [between
reference plane and the frame contours
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FIGURE No 14

INAVIRE 312 PIECE TRAITEE LE 27~ 2-76

**********$****#***##**t***#*$*y*$***$**

COW ( EXCMPLE O UTI LI SATI CN
DU GEN ACoN 100 )
SPT( +16000+22000)
SL:DIR( +O | 1 JT(+100+0O
GEN ACON 100(-fl 10+l +41)
I NT(+l o() +O
SL: DI R(+90) PT(+5000+0) | NT(+l CO*O
GEN ACON 100{+1212+22+1)
| NT( +100+0O)
SL: DI R(+O) EPT(+16000+2’' 2000)
ESSI ( PRESENTATI ON FORI NT- GEN ACON 100)
FI'N
&
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FIGURE NO 15

An exanple of the use
of the GENCON | CO
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I points M situated I|n the referepce plane on
e line D,and having all a gi ven I stance (1000

mm at CNC) from D,.
- the distances dand d,. d= AM d,= MN

10 points on the contour, if the frame does not
have any double curvatures in the region concerned
Using these 10 points in a least square method, thc
program apprexHnates—thg contour by a circle seg-
ment (see ﬁgure No 17).| The found radius r may

give us an Indication for the choice cf a standard
template.

. ‘Ibol.n‘f on
B u/."/.)er Seam

f:m.nt.o.fl..
Jwer. seam _

\o

TER _Conto ut/ N mfau?%c/ circle _

FIGURE NO 17

- finally-the bevel angles in the reference plane
are calculated.

The program uses exactly the same input data as SHELL

on line printer : The listing consists of necessary
identification plus the values of

s, d., * and « for each plate
aI]Id egch template.

as drawings : in scale 1 : 1, which together

with the line printer output per-
mit the tpmplate—constyuction (as
shown in f|gure No 16).
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f) LISSE : calculates for the longitudinal stjiffeners
wih few input data, the width along the franes and
sonme other drawing information. See figure no 18.

)i 8

r—\f\h

/ |

"[Ma///z - a/aﬂj the . framz

FIGURE No 18

399



4, RESULTS OF THE USE O AUTOKON

The results of the AUOTOKON system may be defined in many ways . In
this chapter we Wi ll concentrate on predom nant results, nanmely
the nunber of enployee’s after the Inmp lement at ion of AUTOKON and

the recent performance of AUTOKON at CN.C . illustrated by
means of an exanple .

4.1 Present nunber of emnl oyees *

This nunmber is related to the 2 main C.N C departnents :

Production departnment : Wen AUTOKON took off in 1970, the work-

ing group consisted of 7 persons; this nunber  has gradually’
been I ncreased as a function of the ampbunt of work undertaken
by AUTOKON and has reached the actual number of 32. This

gﬁoup Is able to handl e sinmultaneously 3 different types” of
ships .

In addition to these persons, the nould left activities neces-
sitate 35 loftsmen; therefore, the actual total nunber of per-
sons is about 67.

In the days before AUTOKON, the same jobs kept about 80 people
occupi ed tor an equal work | oad.

As a result of AUTOKON, W may say that 13 nmen have been trans-
ferred to other jobs in the production departnent

Desi gn Departnment : As nentioned in Chapter 2.2 the staff
trained for AUTOKON tasks includes.

2 draftnmen for the body plan fairing (FAIR2).
2 draftnen to conplete the body plan (LANSKI) . _
1 draftman available for normwiting if it is stillnecessary

5 progranurnrs able to ensure the nmaintenance and the technica
assi st ance.

3 O these persons can be considered as a supplenentary staff.
This is mainly due to a job transfer

4.2 Recent perfornance of AUTOKON

W prefer to present the performance Of AUTOKON in a sinple way
as manhour and CPU tine (IBM 370\135). A 360,000 tdw tanker is
chosen as an exanpl e because it pernit:; discussions during this

neeting as it is a type well known by alnost all the shipyards
present.

The information given above concerns mainly enployees directly
concerned by the AUTCOKON activities.

400



--- Date of treatnent : August 1974

- Ship sections treated by AUTOKON : the whole silip except the
superstructure, seatings, some plane panels

— Total nunber of AUTOKON parts : 11309 R
Nunber of different parts treated by AUTOKON : 6628
Nunber of nested plates : 1293

—  Nunber of devel o%ed pl at es,
with SHELL 2 : 474
manual |y : 103. (forward and aft endings and w ongly
devel oped pl at es)

— The nunber of manhours and CPU tine is stated in Table 1 for
each AUTOKON nodul e.

This means that nore than half of the parts have been handl ed
twofold by AUTOKON. 401



TABLE 1

AUTOY.Oll performance for a
360 000 tdw tanker

| | BM 370\135
AUTOKON progr ans Manhour s CPU~ hews
FAIl R 2 500 40
( LNG N 88
LANSKI 1 vapI N 1 6
90
SHELL 2 1012 (control) 7
TEMPLATE 10 1
(C.N.C. version)
PART CODI NG 6630 70
NESTI NG | 500 ** 8

*- This figure concerns the coding of the parts and
the COntrol of conputed dinensions

The ci pher corresponds to :

manual nesting of parts
- definition of input data for NEST 2
control of conputer results.
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5. FINAL REFARKS

After having solved sone difficulties concerning the AUTOKON
prograns and their inplenentation, it mght be stated generally
that AUTOKON satisfies the C N C. denands, although some prob-
[ens still remmin, such as :

speeding up the fairing of the body plan
shel | devel opnent
The success of the systemis basecl on an easy adaption of the :

i nvol ved persons to the systemand its language . The figures

given in Table 1 show, in our opinion reasonable expenses in
manhour and conputer time.

On the other hand, it is believable that the present AUTOKON

level at C.N.C. may not be expanded towards a nore conplex sys-
tem without postponing the system conception.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu
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